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On the basis of historical hydrographic data collected since 1949 by the California Cooperative Oceanic Fisheries Investigations (CaICOFI), poleward directed currents are expected over the continental slope along the central California coast in the October.-February period; this seasonal flow is referred to as the Davidson Current [Sverdrup et al.. 1942; Reid and Schwartzlose, 1962; Hickey, 1979; Chekon, 1984] . The nearshore poleward flow over the slope normally reverses in spring when the equatorward directed winds increase. Poleward surface currents in this season are relatively uncommon over the slope, as is indicated by climatological maps of dynamic height and geostrophic velocity [WyIlie, 1966; Hickey, 1979; Chehon, 1982; Lynn and Simpson, 1987] . This seasonally reversing pattern of surface flow (Figure 1 ) is most pronounced along the central California coast, extending about 100 km offshore in the upper 100 m of the water column. Below this depth level, flow tends to be more persistently poleward (Figure 1) and is generally referred to as the California Undercurrent.
There have been few long-term current meter moorings or high-resolution hydrographic surveys inshore of the continental shelf break along the central California coast. Consequently. less is known about seasonal variability or spatial coherence of the flow over the shelf in this region. Chekon et al. [1987] . The objective of CCCCS was to obtain a detailed description of the circulation (including seasonal variability) on the continental shelf and upper continental slope between Point Conception and San Francisco (Figure 2 ). This paper focuses on the first 6 months of near-surface (70 m) CCCCS current measurements. An analysis of deeper currents and the complete 18-month data set is presently in progress.
Evidence presented in this paper, based on current meter measurements, satellite sea surface temperature (SST) imagery, buoy drift trajectories, and hydrographic data, indicates very strong poleward surface flow over the continental slope and shelf from Point Conception to Point Sur in June and July 1984 . From the limited historical current meter data it appears that poleward flow on the shelf is normal along the central California coast. However, the strong poleward surface flow beyond the shelf break marks a significant departure from the conventional picture of seasonal circulation off central California. This paper presents a detailed description of this unusual event in 1984 and compares it with similar data from 1981 and the seasonal norm as determined from historical Cal-COFI hydrographic measurements. The raw data consisted of hourly observations. These were low pass filtered with a half-power point at 4 days and subsampled at 6-hour intervals. The principal axes of wind stress at these buoys are given in Table 1 . Wind stresses were estimated from observed vector winds using the bulk aerodynamic formula with the Large and Pond [1981] wind speed dependent drag coefficient (extended from a lower limit of 4 rn/s to 0 m/s). The alongshore coherence length scales of the wind field off central California are large (see Figure 3) ; the cross correlations between wind stress measured at the three buoys are about 0.8 and occur at zero lag in all cases ( Table  2 ). The time series of alongshore wind stress for buoy 46011 off Purisima Point is shown in Figure 4a for the period February through July 1984. With the exception of three calm periods between the last week ol February and the middle of March and another calm period in early April, equatorward winds increased steadily from February through May. The winds then steadily decreased during May and June. For the first 3 weeks of July, the winds were very weak. Equatorward winds began to increase again the last week of July.
Water temperature was measured near the surface (2-rn depth) at buoy 46011 and at 70 rn at nearby CCCCS mooring site C (Figures 4c and 4d, respectively) . The raw hourly observations were low-pass filtered and subsampled like the wind data. Consistent with the general steady increase in equatorward winds over the period February through May, SST decreased from about 14°C to 10.5°C. In June and July, episodes of zero or weak equatorward winds were followed within a I' few days by marked increases in SST. This simple relation between winds and coastal SST is expected from the classical picture of coastal upwelling [Smith, 1968; Brink, 1983] . The temperature at 70 m followed the same general pattern of decrease (though with smaller range) over the period February through May 1984. In late April 1984, 70-rn temperature dropped suddenly from about 10°C to 9°C. This probably marks the occurrence of the 1984 spring transition [Huyer ci at, 1979; Strub et at., 198Th; Lenzz, 1987] off central California. This signal was only weakly apparent in SST at buoy 46011 but was very evident in both SST and 70-rn temperature at NIDBC buoy 46028 and CCCCS sitc F farther north Currents were measured at 11 locations along the central California coast in the CCCCS field study (Figure 2 ). At each mooring location, current meters were installed at nominal depths of 10, 30, 70, 220, and 470 m. Shelf and upper continental slope moorings were placed approximately over the 100-rn and 250-rn isobaths. respectively. Measurements of current velocity at depths shallower than 70 m were lost owing to a variety of problems [see Chelton et al., 1987] . Consequently, the nearest surface current measurements from CCCCS were at a depth of 70 m. These 70-rn currents are analyzed in this study. Hourly observations were low pass filtered and subsampled at 6-hour intervals like the wind and temperature data. The time series of 70-rn alongshore currents for the midshelf current meter at site C near wind buoy 46011 is shown in Figure 4b . With the exception of two periods of substantial equatorward flow in April and another in early June, the alongshore velocity was generally poleward throughout this 6-month period with typical speeds of 10-20 cm/s. Particularly strong poleward flow generally occurred within about a day of a slackening in the equatorward winds. The alongshore and cross-shore components of 70-rn currents at each of the four CCCCS shelf moorings along the 100-rn isobath are shown in Figure 5 . The poleward flow observed at site C appears to be characteristic of shelf currents between Point Conception and Point Sur. At the three southern moorings, the alongshore flow was generally poleward, with almost exclusively poleward flow at site F. Poleward flow was in excess of 30 cm/s in late July at site F following the 3-week period of weak winds. At the northernmost shelf Figure 6 ). (This cross-shore separation is less than half that of any of the other shelf-slope mooring pairs; see Table 4 .) It therefore seems likely that currents over the shelf off Point Sur were also poleward during this period. This would imply a strong flow convergence between Point Sur and CCCCS site K, which would lead to offshore flow. Such offshore flow north of Point Sur can indeed be inferred from hydrographic and satellite measurements as discussed in sections 4 and 5.
The CCCCS current meter data set offers an opportunity to examine quantitatively the relation between shelf currents and winds over a 370-km stretch of the central California coast. The maximum correlations and corresponding time lags between currents at CCCCS shelf mooring sites A, C, F, and K and the alongshore wind stress measured at the nearest buoy locations to the south are given in Table 3 . Currents at site A off Point Conception were unrelated to local wind forcing. Farther north, current fluctuations were more highly correlated with winds, with maximum correlations of 0.61, 0.61, and 0,73 at sites, C. F, and K, respectively, at lags of 0 to 0.5 days. The similarity between correlations with wind stress at these three currcnt moorings may seem somewhat surprising. As noted previously from Figure 5 , the mean alongshore flow at site K was opposite that at sites F and C. However, correlation analysis indicates that much of the variability about these means can be explained by local wind forcing (53% of the variance at site K and 37% of the variances at sites C and F). Similar correlation values and lags of maximum correlation between wind stress and currents over the shelf have been found off northern California in the Coastal Ocean Dynamics Experiment (CODE) [Winant ci al., 1987] , where winds are comparable in strength to those off central California.
The lack of coupling between winds and shelf currents off Point Conception is rather interesting. The different nature of the circulation in the region just north of Point Conception is further illustrated by drifter trajectories as discussed in section 5 (see Figure 19 ). Drifters tended to wander in the southern portion of the field study region but moved rapidly poleward once north of Purisiina Point. It has previously been shown [Chelton. 1984; Brink and Muench, 1986 ] that currents in the region near Point Conception are strongly influenced by flow into and out of the Santa Barbara Channel to the south and east. This flow is apparently not related in any simple way to local wind forcing or to currents north of Point Conception.
The high correlation between wind stress and currents observed over the shelf north of Point Conception drops considerably beyond the shelf break ( Figure  Consistent with the lower correlation between slope currents and winds, there was less current variability over the slope than over the shell on the 3-to 10-day time scales typical of the wind field. This is evident visually from Figures 5 and 6 and is shown more quantitatively in the spectra of alongshore wind strcss and shelf and slope currents in Figure The correlations between upper slope currents and nearby shell currents are given in Table 4 . Shelf currents separated by as much as 220 km alongshore were as highly correlated as shell and upper slope currents separated by only 10-15 kin cross shore. The alongshore currents beyond the shelf break may be correlated with the low-frequency components of wind forcing, but the 6-month data set analyzed here is too short for frequency domain analysis. This question will be addressed from analysis of the full 18-month CCCCS data set. 10,607
Besides local wind forcing, variability of shclf currcnts should also be related to poleward propagation of coastal trapped waves. The cross correlations between alongshore currents at the four CCCCS shelf moorings are given in Table   4 . The currents at site A are only weakly correlated with currents at site C (correlation of 0.32) and are essentially unrelated to currents farther north. At mooring sites F and K, the cross correlations with currents at neighboring stations are high (0.61 and 0.57, respectively). Part of this correlation may, however, be an indirect result of the high correlation between alongshore currents and local wind stress at each mooring as discussed previously and given in TabLe 3. The 95% significance level (computed as by Chelion [1983] ) is about 0.20 in all cases. Alongshore direction is defined by the major principal axes of vector wind stress given in Table I . The effects of local wind forcing and poleward propagation can be separated to some degree by multivariate regression of alongshore shelf currents at each mooring site on local alongshore wind stress and alongshore shelf currents at the neighboring mooring site to the south. At all shelf mooring sites, the lag between alongshorc current and local alongshore wind stress was fixed at 0.25 day in the multivariate regressions. The lag between alongshore current and alongshore current to the south was varied from -I week to + 1 week. The maximum correlations and corresponding lags are given in Table 5 for shelf mooring sites C, F, and K. The increases in percent -' ,'
'I 'I variance explained over the simple correlation with local wind stress arc modest at sites K and F (8% and 16%, respectively) but statistically significant. The 1.25-day and 0.5-day lags of these correlations correspond to poleward propagation at speeds of 205 and 174 cm/s. These propagation speeds are 20.-30% slower than model estimates for first-mode coastaltrapped waves [Battisti and Hickey, 1984; Denbo and Allen, 1987] . Using realistic bathymetry and density stratification for California coastal waters, Chapman [1987] Table 5 . The increase in variance explained at site C is not statistically significant, indicating that variability in shelf currents at site C is related to local wind forcing but not to currents at Point Conception to the south.
Though it is rather difficult to separate local wind forcing and poleward propagation, we conclude that most of the explained variance of alongshore shelf currents north of Point Conception is most likely due to local wind forcing. North of Point Buchon, the contribution of poleward propagation to shelf current variability is also significant, though smaller than local wind forcing. 1981 
Observations
During 1981, similar surface wind and shelf current measurements are available near 34.8°N for comparison with the 1984 CCCCS data at nearby site C. The alongshore wind stress at NDBC buoy 46011 during the first half of 1981 is shown in Figure 8a . There was a brief period of substantial poleward wind stress during late February and early March.
Thereafter, the alongshore component of wind stress remained equatorward through July, fluctuating between zero and 1.5 dyn/cm1. There were several periods of light winds, most notably in mid-June, when the alongshore wind dropped to zero for 5 days, increased to about 075 dyn/cm2 equatorward for about 5 days, and then dropped again to near zero for about 2 weeks. There were two moderate equatorward wind events of about 1 dyn/cm2 in mid-July, followed by very light equatorward winds for the last 2 weeks of July.
Current and temperature measurements were made in 1981 over the shelf off the southern portion of the central California coast near buoy 46011 as part of a large-scale component of CODE, called SuperCODE [Denbo and Allen, 1987; Strub et al., I987b] . Near-surface (2-rn depth) temperature at buoy 46011 is shown for the period February through July 1981 in Figure Sc . Temperature at 70-rn depth at SuperCODE mooring P3 off Purisima Point (see Figure 2 ) is shown in Figure 8d .
The seasonal development of the temperature field during 1981 was very similar to 1984; the general trend was a decrease in temperature over the first 4 months. The 70-rn ternperaturcs dropped suddenly from 11.5°C to 9.5°C in late
March. This coinciijcs with the time of occurrence of the 1981 spring transition off northern California [Lenrz, 1987] . As with the 1984 data, this signal was not as clearly present in SST at buoy 46011. . Alongshore (solid lines, positive poleward) and cross-shore (dashed lines, positive onshore) currents at 70 m over the continental shelf at CCCCS moorings A, C, F, and K (the mooring at site H was lost) for (he period FebruaryJuly 1984. Alongshore and cross-shore directions at each site were defined by the principal axes determined from the 6 months of data (Table 3) . During June and July, SST generally fluctuated in response to variable winds. The 70-rn temperature was less correlated with winds. In mid-June, subsequent to the extended period of weak winds, SST increased by about 3°C and remained high through July. This wanning was only weakly apparent at 70-rn depth.
The alongshore component of 70-rn currents at Super-CODE mooring P3 is shown in Figure 8h for the period Fig. 6 . Alongshore (solid lines, positive poleward) and cross-shore (dashed lines, positive onshore) currents at 70 m over the upper continental slope at CCCCS moorings B, D. G, J, and L for the period February-July 1984. Alongshore and cross-shore directions at each site were defined by the principal axes determined from the 6 months of data (Table 3) . maximum correlation between alongshore wind stress and currents over the period February through July 1981 is 042, with winds leading currents by ft25 day. This correlation value is lower than the value obtained at site C for the 1984 data but is still statistically significant (the 95% significance level is 0.23), indicating that local wind forcing of shelf currents was important during 1981 as well. Table I for wind stress major principal axes). Also given in the table are the 95% significance levels of the correlations (computed as by Chelton [1983] ). the percent variance explained by the correlations, and the lags of maximum correlation-Positive lags indicate that currents lag wind stress. Dots indicate that the correlation was not statistically significant at the 95% confidence level at any lags. bution in Figure 11 These higher salinitics observed during July of 1984 and 1981 are representative of a water mass normally found farther south. The poleward penetration of this southern water mass is clearly evident in the maps of 10-rn salinity in Figure  11 . The anomalous water mass was characterized by nearly uniform salinity of 33.696 in both years. In the July seasonal average, water with 33.6% salinity is restricted to the extreme southeastern region from Point Conception to Point Buchon.
In July 1981, water with 33.6% salinity was present as a tongue about 100 kin wide extending as far north as about Alongshore is defined by the major principal axes (see Tables I and 3 ). Also given in the table are the mooring separations, the 95% significance levels of the cross correLations (computed as by Chef/on [1983] ). the percent of variance explained by the correlations, and the lags of maximum correlation. Positive Lags indicate that currents at the first mooring lag currents -at the second mooring. Dots indicate that the correlation was not statistically significant at the 95% confidence level at any lags. 36°N, where it was deflected offshore about 250 km. Similarly, in July 1984, water with 33.6%, appeared as a tongue also about 100 km wide extending as far north as about 37°N, deflected offshore at Point Sur. In both years the poleward penetration and offshore deflection of this high-salinity water pushed the normal nearshore isohalines welt offshore. Salinities in the far offshore region were near normal (within about 0.l%o). The result in both July 1984 and 1981 was a sharp meandering salinity front located about 100-200 km offshore.
The depth of penetration of the anomalous 33.ó%o salinity water in both years is evident from the vertical sections of salinity in Figure 12 . During July 1981 the homogeneous pool of water extended to only about 50-m depth. In July 1984 the high-salinity water extended as deep as 75-100 m. The source of this high-salinity water could be either poleward advection from Lower latitudes or upwclling. The flattening or slight downward tilting of isohalines very near the coast (superimposed on the larger-scale upward tilt across the full California Current) suggests that poleward advection is the dominant mechanism. This is further supported by the fact that the ternAlongshore is defined by the major principal axes (see Tables I and 3 ). The form of the regression is iC]) ar(i -') + bv3(t-12), where a and b are the regression coefficients. The lag 1, for local wind forcing was fixed at 0.25 days, and the lag t2 for currents to the south was varied from -I week to + I week. The maximum multiple correlations, 95% significance levels of the multiple correlations (computed as by Chelton [1983] ), and percent variance explained by the correlations are given in the table. Also listed in the table are the lag 2 of maximum correlation, mooring separation, and the corresponding alongshore propagation phase speed (positive poleward). As noted previously from Figures 4 and 8, there were extended periods of weak equatorward winds in late June and July of both 1981 and 1984. The relationship between winds during these 2 years and normal winds off central California is most easily examined from monthly averages which effectively filter out the short time scaLe weather variability ( Figure 13 ). In the seasonal cycle, monthly average alongshore wind stress increases steadily from February through May, remains constant during May and June, and then decreases by about 20% in July and August. During 1984 the magnitude of the alongshore wind stress was slightly higher than normal from Febru- ary through April but dropped precipitously from May through July. During 1981 the alongshore wind stress was somewhat weaker than normal but followed the normal increasing trend from February through May. During June and July 1981 the alongshore winds decreased in magnitude to the same low values as were observed in 1984. The July monthly average for both years was less than 40% of the normal July average. The highly anomalous monthly average winds during June and July of 1981 and 1984 are almost certainly related to the widespread anomalous poleward flow observed over the continental slope from the July CaICOFI hydrographic surveys. In August of both years, the magnitude of the alongshore component of wind stress increased again but was still well below normal.
CCCCS HYDROGRAPHIC DATA
As was noted previously, the CalCOFl hydrographic sampling grid is well suited to studies of large-scale variability. The station spacing is too coarse, however, to examine the detailed structure of variability over the continental shelf and upper continental slope. In 1984, higher horizontal resolution hydrographic measurements are available within 100 km of the coast from CCCCS hydrographic surveys made in February and July. The cross-shore station spacing of the CCCCS hydrographic data was 20 km, compared with the nominal 74-km CaICOFI station spacing. The inshore pattern of dynamic height and relative geostrophic flow inferred from the July survey (Figure 14) is consistent with that of the independent and lower resolution CaICOFI data: a somewhat mcandering but continuous poleward flow from Point Conception to Point Sur. The CCCCS hydrographic data resolve structure in the geostrophic flow field that is not apparent in the coarsely sampled CaICOFI data. Note the indication from the CCCCS data of a jetlike feature extending offshore north of Point Sur between 36N and 36.5°N. The velocity in this jet is not well resolved by the alongshore spacing of the CCCCS data, but strong offshore flow is clearly evident in the dynamic height field. Surprisingly, this feature is not evident in the CaICOFI data, apparently because of the coarser sampling grid.
The offshore jet north of Point Sur in July 1984 is consistent with the convergence of alongshore currents on the shell discussed in section 2. From the current time series in Figure 5 , convergence of shelf currents near Point Sur was a general feature for much of the period February through July 1984. One then expects offshore flow in this region to also be a general feature. In fact, relatively strong offshore flow was evident in the dynamic height field computed from the spacing of the hydrographic data, there are no distinctive features in the temperature field associated with the jet. However, the salinity field shows a strong front at the location of the jet. T-S plots for two CCCCS stations on opposite sides of the jet are shown in Figure 15 . In water deeper than about 100 m, the T-S characteristics are similar at these two stations. The very different T-S characteristics in water shallower than about 30 m indicates that the offshore jet separates two distinctly different water masses. By comparison with the normal July T-S characteristics in this region, as shown by the dashed line in Figure 15 , the mid-depth water mass (30-200 m) was anomalous at both of these CCCCS stations. However, the July 1984 T-S characteristics near the surface at station 67.60 were near normal for the region, indicating that north of the offshore jet the anomalous southern water mass was overridden by shallow equatorward flow of the normal northern water mass,
The cross-jet width of the salinity front is not well resolved by the alongshore spacing of the CCCCS hydrographic sta- alongshore direction (Figure 16 ). With the 74-km alongshore spacing of the CCCCS hydrographic grid, the geostrophic velocities inferred from the dynamic topography thus significantly underestimate (by as much as a factor of 10) the velocity in the core of the jet.
The 20 km cross-shore spacing of the CCCCS hydrographic data allow an examination of the depth of penetration of the poleward flow during July 1984. Vertical sections of alongshore geostrophic velocity relative to 500 m are shown in Figure 17 for the six hydrographic lines in Figure 2 . Lines 63 and 67 are poleward of the offshore jet discussed extensively above. Along these two northern lines, the near-surface flow was equatorward nearshore, with poleward flow present farther offshore. This pattern is consistent with the eddylike feature evident in Figure 14 centered 50 km offshore at about 36.5°N. At depths below 50-100 m, the flow was poleward along both lines. This is consistent with the 70-rn currents at station K (on line 63), which were equatorward on average but poleward during July 1984 (see Figure 5) . Along all four southern sections (lines 70, 73, 77. and 80) . the alongshore velocity relative to 500 m was essentially poleward across the entire CCCCS sample domain (with the exception of a few patches of weak equatorward flow). This poleward relative velocity was most concentrated near the surface and nearshore; most of the flow was restricted to within 50 km of the coast. The highest relative velocities were 30-40 cm/s along each of the southern four sect ions. 
SATELLITE IMAGERY ANt) DRIFTER MEASUREMENTS
Satellite SST data were collected for both 1984 and 1981 . Such data can be very useful for characterizing surface flow conditions. The SST image data have been produced by a linear weighted sum of the 1-km-resolution 11-and 12-gm infrared brightness temperature measurements from the advanced very high resolution radiometer (AVHRR) carried on the NOAA 7 weather satellite. The weights used [McClain et al., 1985] remove atmospheric water vapor absorption effects to yield SST estimates with absolute accuracy that may be as good as l.0C. Estimates of horizontal gradients of SST are much snore accurate, since the spatial scale of atmospheric water vapor variability is large in relation to that of SST.
Selected satellite images for July of each year (Figure 18 ) show the SST distributions at approximately the same times as the Ca1COFI hydrographic surveys shown in Figure 9 . In both images, cooler water associated with coastal upwelling from the equatorward winds is evident immediately adjacent to the coast. Broad tongues of warmer water, with axes centered 50-100 km offshore, extend poleward from the southeastern corner of each image. Just to the west of the warm tongues is another region of cooler waler associated with equatorward flow in the offshore region. These offshore meandering hands of cooler water coincide with the core of the equatorward California Current, as deduced from the Cal-COFI dynamic height data (Figure 9 ). Examination of these images, and others separated in time by a day or two, indicates that the flow in the warm water tongues in both 1984 and 1981 was drawing small nearshore filaments of cooler coastal water northward, clearly indicating poleward flow consistent with other evidence presented above.
Between July 6 and 15, 1984, a total of 18 surface drifting buoys were released in three separate deployments into the warm water tongue north of Point Conception and then tracked by aircraft two to three times daily for about 2 weeks (Figure 19 ). These CCCCS drifter tracks were generally somewhat erratic in the region immediately north of Point Conception, but the drifters moved rapidly poleward once north of Purisima Point. Thirteen of the drifters remained within the warm tongue, moving poleward along the coast at typical speeds of 10-20 cm/s; six of these drifters attained peak poleward speeds of over 50 cm/s between Point Buchon and Point Sur.
DiscussioN
The large-scale seasonal variability of the California Current beyond the continental shelf break off central and southern California is well characterized by hydrographic measurements from the 35-year CaICOFI survey [Hickey, 1979; Cheiton, 1984; Lynn and Simpson, 1987] . The space and time scales of variability are characteristically shorter over the continental shelf than beyond the shelf break. Consequently, these shallow waters are not as well suited to studies purely from hydrographic data. Since few long-term current meter moorings have been deployed off the central California coast, seasonal variability over the shelf is not well known. Currents [1987b] . The descriptive picture emerging from all of these observational studies is that poleward flow at depths near 70 m on the shelf appears to be normal throughout the year off the central California coast between Point Conception and Point Sur. This mean flow is in opposition to the prevailing equatorward winds and thus cannot be directly attributed to local wind forcing. North of Point Sur the mean flow was equatorward.
Correlation analysis presented in section 2 indicates that much of the variability of alongshore currents (deviations from the mean flow) on the shelf everywhere north of Point Conception is related to fluctuations in local alongshore wind stress. The current variations respond to wind forcing within 0.5 day, and evidence was presented for poleward propagation of shelf current variability north of Point Buchon at 175-200 cm/s. Although the percent variance in shelf currents additionally accounted for by poleward propagation was small, the phase speeds are consistent with those of the second-mode coastal-trapped wave estimated for the region by the model of Chapman [1987] . The observed phase speeds are approximately 30% slower than model estimates for the first mode coastal-trapped waves [Battisti and Hickey, 1984; Denbo and AlIen, 1987; Chapman, 1987] .
A similar coupling between shelf currents and local winds has been previously observed along the northern California coast as part of the Coastal Ocean Dynamics Experiment (CODE) . Beyond the shelf break, the relation between current and wind variations is not as strong. Dynamic heights used to compute the relative velocities inshore of the 500-rn isobath were extrapolated from deeper water using the method described by Reid and Mantylu [1976] . Measurements were made between July 4 and 14, 1984. winds. Such widespread poleward flow is normally associated with the wintertime Davidson Current but is highly unusual during summer. On the basis of historical temperature and salinity characteristics for the region, July 1984 and 1981 were the most extreme anomalous summertime conditions on record off the central California coast. Huyer and Kosro [1987] and Send et al. [1987] examined coastal current response to relaxation from upwelling off northern California during CODE. They observed a relaxation phenomenon having features in some respects comparable to those presented here, the most notable being the appearance of poleward surface flow and associated warm water when the equatorward upwelling-favorable winds subsided. The modeling results of Send et al. [1987] indicate that a large percentage of the near-surface (upper 30 m) thermal variability very near the coast off northern California can be explained by variations in near-surface heat flux and by poleward advection of heat by surface currents.
The observations presented here contrast those of Buyer and and Send et al. [19871 in two important respects. The poleward flow observed during CODE was coastally trapped to a narrow region over the continental shelf and persisted for time scales of only about a week. In contrast, the poleward flow observed off central California extended A final point worth noting is the unique character of current variability off Point Conception. Currents at shelf and slope moorings off Point Conception were unrelated to local wind forcing and uncorrelated with currents farther north along the central California coast. The independent nature of currents in this region is further confirmed from drifter trajectories and satellite SST imagery, both of which show high spatial variability in the surface flow just north of Point Conception. Chelion [1984] and Brink and Muench [1986] have previously shown that the flow at Point Conception is highly coupled to the circulation inside the Santa Barbara Channel. This is supported by the modeling results of Battisti and Hickey [1984] and Chapman [19871. The flow into and out of the Santa Barbara Channel evidently does not in any simple way influence the circulation north of Point Conception. However, occasional pulses of strong westward flow through the Santa Barbara Channel may be responsible for the warm, saline water found adjacent to the coast of central California as far north as Monterey Bay in July 1981 and 1984.
